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ABSTRACT

The paper aims to elaborate the engineering
methods of calculating heat loss through combined
roof constructions. The roof heat losses can reach
up to 40% of total heat losses of a building and affect
its energy efficiency class. In Ukrainian construction
regulations there are no roof heat loss determination
methods, which would take into account the structural
features as well as linear heat transfer coefficients
values. For typical structural units only the linear
heat transfer coefficients values for wall structures
and their elements are given in the State construction
standard of Ukraine DSTU B B.2.6-189:2013 Annex
I'. Putting into the insulation practice of typical
energy-efficient structural units of the combined
roof eaves, adjoining to the ventilation shafts and
roof superstructures will significantly increase the
building thermal protection. The results of these units
temperature field simulation allow to use the method
of State construction standard of Ukraine DSTU
ISO 10211:2005 for determining the linear heat
transfer coefficients that can be used in engineering
calculations of the heat transfer resistance of the
respective structures and to supplement the State
construction standard of Ukraine DSTU B B.2.6-
189:2013 Annex I'. The combined roof structural
units modeling was implemented by the finite element

method. The paper is a continuation of the author's
previous scientific research. The main papers are
given in the bibliography.

The aim of this paper is to clarify the calculation
methods of combined roofing heat losses considering
heat transfer linear coefficients of roof structural units
and to develop constructional solutions for typical
energy efficient units.

Research methods are based on the calculation of
two-dimensional temperature fields by finite element
method and engineering methods for determining
linear heat transfer coefficients.

KEYWORDS: heat transfer resistance, heat loss,
combined roof, thermal insulation, heat transfer
linear coefficient, eave, temperature field.

AIHIMHI KOE®IIIEHTU TEIAOIEPEAAUI
KOHCTPYKTUBHUX BY3AIB CYMIIEHOI
ITOKPIBAI

AHOTALIA

CraTTd mnpucBAYEHA YTOYHEHHIO IHKEHEPHHUX
METOJIB PO3PAXYHKY TEIIAOBTPAT KpPi3b KOHCTPYKLIi
cyMilleHUuX JaxiB. TemAoBTpaTH MOKpPIBACIO MOKYTb
gocsaratu 40 40% Bij 3araAbHHX TEIAOBTPAT OYAHH-
KOM I BIIAMBATH Ha HOro KAac eHEproepeKTHUBHOCTD.
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B YxpalHCbKMX HOPMAaTHBHHX JOKYMEHTA HE HaBe-
AEHO METOAUKH BHU3HAYEHHSA TEIAOBTPAT KPi3b JaXH
3 BpaxyBaHHAM KOHCTPYKTHUBHHUX OCOOAMBOCTEH Ta
3HAYEHHSA AIHIHHHX KoedilieHTIB Temaomepejadi.
JAsi TUIIOBUX KOHCTPYKTUBHHUX BY3AIB y Jogatky I’
ACTY B B.2.6-189:2013 napegeni AHllle 3HAYEHHS
AIHIMHUX KOoeQili€HTIB Termaonepejadi JAsA CTIHOBUX
KOHCTPYKLIH Ta IX eAeMeHTIB. BripoBaj:keHHA B mpak-
TUKY YTEIIACHHS THIIOBUX €HEProePeKTUBHUX KOH-
CTPYKTHBHHX BY3AIB KapHH3HOI YaCTHMHHU CyMIIIEHO]
MOKPIBAI, IPUMHKAHHA 4O BEHTHAALIMHHUX IIAXT Ta
AaxoBUX HaAO0YAOB JO3BOAUTH 3HAYHO MIABHUIUTH
TenAO3axXuCT OyauHKy. Pe3yabraTH MoOJgeAIOBaH-
HSA TEMIEPATYPHOTO TIOAA LHUX BY3AIB JO3BOAA-
0Th 3a Metogukow JACTY ISO 10211:2005 BusHa-
YUTH AIHIHHHX KoedillieHTIB Temaomepegadi, AKi
MOKHA 3aCTOCOBYBATH B IHKEHEPHHX pO3paxyHKax
OIIOPY TemAoIlepesadl BIATIOBIAHUX KOHCTPYKLIM Ta
aonosuutu Jdogatok I' ACTY B B.2.6-189:2013.
MoaeAoBaHHA KOHCTPYKTHBHHX BY3AIB CyMilIE€HOI
MOKPIBAL PEAAI30BAHO METOJOM CKIHUCHHUX EACMEHTIR.
CTaTTs € NIPOJOBKEHHAM MOMEPEJHIX HAYKOBUX POOIT
aBTOPA, OCHOBHI 3 AKUX HapeJeHO y Gibaiorpadii.

Meta po60oTH ITOAATAE B YTOYHEHHI METOAIB PO3pa-
XYHKY TEIIAOBTpPAT CYyMIIIEHUMH JaxaMHU 3 BpaxXyBaH-
HAM AIHIHHUX KOeQilieHTIB Temaomnepegadl iX KOH-
CTPYKTHBHHX BY3AIB Ta po3pobLi KOHCTPYKTHBHHX
pillIeHb THIIOBUX €HEProePEeKTUBHUX BY3AIB.

Metoau gocAigxeHHsa 6a3yloTbcad Ha PO3PAXYH-
Ky ABOBHUMIDHHUX TEMIIEPATyPHHUX IIOAIB METOAOM
KIHI[€BUX €AEMEHTIB Ta IHKEHEPHUX METOJHKaX BU3-
HAaYeHHA AIHIHHUX KOeili€HTIB TerAonepeadi.
KAIOUOBI CAOBA: omnip Temaomepejadi, TEIIAO-
BTPATH, CyMillleHa IOKPIBAS, YTEIIAIOBAY, AIHIMHUN
KoepIIEHT TemAaomepejadi, KAPHU3, TeMIIepaTypHe
MoAe.

AHUHEUHBIE KO3®®UIIUEHTHI TEIIAO-
IEPEJAYUH KOHCTPYKTHUBHBIX Y3AOB
COBMEINIEHHOM KPOBAEM

AHHOTAIIUA

CTaTba MOCBAILLEHA YTOYHEHUIO MHKEHEPHBIX
METOJOB pacyeTa TEIAONOTEPhb Yepe3 KOHCTPYKLHUHU
COBMEIIEHHBIX KpbIUI. TenAonmoTepn KpoBAeH MOTYT
gocturatb g0 40% ot obWHX TemAOmOTeph 3J4a-
HUH W BAHMATb Ha €r0 KAACC ®HEProdsPpPeKTUBHO-
ctTu. B YKpauHCKHUX HOPMATHUBHBIX JOKYMEHTaX He
MNpeACTaBACHbl METOJAUKHM ONPEAEAECHUA TEIMAONIO-
TEpPb 4Yepe3 KPBIHU C YY4€TOM KOHCTPYKTHBHBIX OCO-
6eHHocTell ¥ 3HAYEHUA AMHEHHBIX KO®PPULILEHTOB
TEIIAONEpPEeAaUH.

/Al TUMOBBIX KOHCTPYKTHBHBIX  Y3AOB B
[Mpuroxenun I' TOCT B.2.6-189: 2013 npeacrae-
A€Hbl TOABKO 3HAYEHUA AHMHEHHBIX KodpPulreH-
TOB TEIAONEPEeJaYu AASA CTEHHBIX KOHCTPYKLMM
U UX 9AEMEHTOB. BHeJpeHHe B TPAKTHKY YyTeIlAe-
HUA TUIOBBLIX 9HEProdPPEeKTUBHLIX KOHCTPYKTHUB-
HbIX Y3AOB KaPHHU3HOH 4acTH COBMEIIEHHOH KPOBAH,
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NPUMBIKAHUA K BEHTHUASALMOHHDBIM IIAXTaM H KpO-
BEAbBHBIX HAJACTPOEK IMO3BOAUT 3HAYMTEABHO IIOBbI-
CUTb TEMAO3AIUTY JoMa. Pe3yAbTaTel MoJeAHPO-
BAHUA TEMIEPATYPHOIO IOASA 9THX Y3AOB IIO3BOASA-
1oT o metoguke JACTY ISO 10211: 2005 ompege-
AUTb AHHEHHDbIE KOdPPUIUHUEHTbl TEIIAOIEpealu,
KOTOpPbI€ MOKHO MPUMEHATb B MHKEHEPHBIX pacye-
TaxX COIPOTHUBAECHHUSA TEIIAOIEPEJAYH COOTBETCTBY-
IOIUX KOHCTPYKUMI M JomoAHuTh [Ipuaoxkenue I
IocT B.2.6-189: 2013.

IJeap paboTbl 3aKAOYaeTCs B YTOYHEHHHU METO-
AOB pacyeTa TEIAONOTEPb COBMEIIECHHBIMHM KPbILIA-
MH C YY4€TOM AMHEUHBIX KOBPPULIUEHTOB TEIIAOIEPE-
Aaud UX KOHCTPYKTHUBHBIX Y3AOB M pa3paboTke KOH-
CTPYKTHUBHBIX PELICHUH THUIIOBBLIX ®HEProdPpPeKTHUB-
HBIX Y3AOB.

Metoabl uccaegoBanusas Oa3UPYIOTCA Ha pacdeTe
ABYMEPHBIX TEMIEPATYPHLIX MOAEH METOZOM KOHEY-
HbIX DAEMEHTOB M MHKEHEPHLIX METOAUKAX ONpee-
AEHUS AMHEHHBIX KODPPUIIMEHTOB TEMAOTIEPEJAYH.
KAIOUEBBIE CAOBA: conpoTuBAeHue TeIAOIE-
pedadu, TENAONOTEPH, COBMEIECHHASA KPOBAL, yTe-
IIAUTEADb, AMHEUHBIH KODPPULUEHT TEIAOIEPEeaYuH,
KapHHU3, TEMIIEPATYPHOE IIOAE.

INTRODUCTION

The change in conditions of economic environment
in Ukraine, which occurred due to the pressure from a
number of political and economic factors, including the
change in pricing policy for services in the housing and
utility services sector and in the market for construction
products enhanced the need for rigid energy savings,
thermal protection and thermal modernization of
buildings in line with European standards. The
introduction of new mechanisms to ensure the
energy efficiency of construction and to increase
the requirements for predicting the hydrothermal
conditions of buildings and their structural elements
will allow providing a higher level of energy savings.

Depending on the construction solution, roof heat
loss can reach up to 40% of the total house heat loss.
According to the laws of convection, heated air rises,
so heat losses through the roof are more noticeable.
In addition, the contact of heated air from the room
with a cold surface of the coating will inevitably cause
condensation unless the roof is insulated. Water
will gradually destroy the structure of the roof, and
in the case of combined roof it will flow back into
the habitable inner space. Insulation is essential in
creating favorable microclimate conditions in rooms
that are located directly below the combined roof in
both the heating and cooling period conditions.

ANALYSIS OF RECENT RESEARCH AND
PUBLICATIONS

The paper [1] provides systematization of
construction systems used in planar and pitched roofs
for insulation. Taking into account the experience




of leading companies, the peculiarities of exterior
decoration systems use were considered in the paper:
construction solutions, material requirements and
installation recommendations for installation of these
systems. Insulating the eaves of the roof is necessary
to avoid cold bridges. Sketches with practical design
solutions and examples were presented in the paper
[2]. The calculation of heat accumulation, taking
into account the thermal stability of structures shows
the need to specify the engineering methods for
predicting the thermal behavior in buildings.

Roofs also require attention in the summer, as they
make up a large part of the building total area and
significantly absorb solar radiation. In the papers
[3, 4], the advantages of using ventilated roofs to
reduce cooling loads in hot climates were studied.
This is the first step towards ideas that transform
local construction methods to make them effective in
energetic, economic and functional dimensions.

The development of energy efficient solutions for
the construction of combined roofs is a continuation
of the author's previous scientific research [5 - 8].

Research objective

Combined roofing is a multi-layer envelope with
variable thickness layers (for example, to create a
slope for organized drainage system). Therefore,
the total thermal resistance varies in different areas
of the structure. There are many areas where the
temperature field is two or three-dimensional in the
design of combined roofs. In most cases, the thermal
insulation envelope in such units has intentional gaps
that, when operating the building, become significant
"cold bridges".

Ukrainian construction regulations do not specify
any methods of roof heat loss determination which
would take into account structural features as well
as the values of linear heat transfer coefficients. For
typical structural units in Annex I” of State construction
standards of Ukraine DSSTU b B.2.6-189:2013, only
the values of linear heat transfer coefficients for wall
structures and their elements are given. Putting into
practice the insulation of typical energy efficient
structural units of combined roof eaves, adjoining the
ventilation shafts, parapets and roof superstructures
will significantly increase the thermal protection
of the house. The results of the temperature field
simulation of these units allow to determine, by the
method of State construction standards of Ukraine
DSTU ISO 10211:2005 linear heat transfer coeffi-
cients that can be used in engineering calculations of
the heat transfer resistance of the according structures
and to supplement Annex I of State construction
standards of Ukraine DSTU B B.2.6-189:2013.

MAIN MATERIAL AND RESULTS

There are no recommendations in Ukrainian
construction regulations to consider the change
in heat transfer resistance when changing

the thickness of layers in the combined roof
constructions. For typical structural units in Annex
I' of State construction standards of Ukraine
DSTU B B.2.6-189:2013 only the values of linear
heat transfer coefficients for wall structures and their
elements are given. Therefore, when calculating
the total heat transfer by transmission through
a building zone according to State construction
standards of Ukraine DSTU B A.2.2-12: 2015, the
direct heat transfer generic transmission coefficient
to the external environment, W/K, by the formula
(12) of the State construction standards of Ukraine
DSTU b A.2.2-12:2015:

H, =b,> AU,

where 4, is the area of the i" element of the building
envelope, m?;

U, is the reduced heat transfer coefficient of the ith
element of the building envelope, W/(m**K) which
equals U, = 1/RX,;

RX,, is the reduced thermal resistance of the i"
element of the building envelope, m**K/W, which is
calculated for non-transparent elements according
to the State construction standards of Ukraine
DSTU b B.2.6-189.

b

is the correction factor: b,, = 1when calculating H ;

nx mx

If there is no information (or it is insufficient)
on heat-conducting inclusions in a structure, it is
recommended to use a correction factor to the heat
transfer coefficient to take into account the effect of
heat-conducting inclusions, according to the formula
(21) of the State construction standards of Ukraine
DSTU b A.2.2-12: 2015:

U =U

op,corr op,mn

+AU,,

where U,,,, is heat transfer coefficient of a non-
transparent part of the construction (on the main
field), W/(m’*K), AU, is an additional component
by default to the heat transfer coefficient of non-
transparent structures, U,, , which includes the effect
of heat-conducting inclusions, W/(m**K), calculated
values are given in Table 4 of the State construction
standards of Ukraine DSTU b A.2.2-12:2015, and for
the average value of the heat transfer coefficient of
non-transparent parts of construction it is U,,,, <0,4
AU, = 0,15 W/(m*K).

Such a significant amount of additional component
can at times reduce the actual value of combined
roof thermal resistance. Therefore, to improve the
accuracy of calculations, it is advisable to use the
formula of the reduced thermal resistance of a
thermally inhomogeneous non-transparent building
envelope structure (3) in the State construction
standards of Ukraine DSTU B B.2.6-189:2018. The
heat transfer linear coefficients can be calculated

op,mn
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by the guidelines for the design and calculation of
energy efficient structural solutions of combined roof
elements given below.

The calculation of heat transfer linear coefficients
is done on the basis of calculations of two-dimensional
temperature fields and the methodology of the State
construction standards of Ukraine DSTU ISO 10211-1,
the State construction standards of Ukraine
DSTU ISO 10211-2.

If the heat-conducting inclusion is located on the
boundary of two zones, then a half of the linear heat
transfer coefficient value of the heat-conducting

Table 1 — Parapet of the combined roof

inclusion 1s assigned to each zone (clause 8.2.2.5.3
of the State construction standards of Ukraine
DSTU b A.2.2-12: 2015).

The parapet of combined insulated roof has to be
insulated according to the scheme (Table 1) to avoid
freezing of the contact angle of the roof slab and the
outer wall. The linear heat transfer coefficients of
such a solution are shown in Table 1.

The thermal insulation layer of the combined
roof must be indissoluble with thermal insulation of
the outer wall according to the scheme (Table 2) in
order to avoid freezing of the contact angle of the

Linear heat transfer coefficients,
W/(m'K), depending on the
parameters of the thermal
insulation layer

Scheme of heat-conducting inclusion | Estimated Thickness of external
thermal wall thermal
conductivit insulation, &in
y, W/(m-K) | 120 150 180

mm mm mm
= ; 0,035 | 0,245 | 0,241 | 0,237
3 0,040 0,252 | 0,248 | 0,243
S ” 0,045 0,259 | 0,254 | 0,249
) | alaiars 1 - brick wall;
le **** 2 — adhesive layer for bonding the

, S R | insulation boards to the base, as well
é i,‘;‘lu/ ////////////////////////////////////////// S EZ SZ(;)r leveling the surface of the

i //"/ Z 1000 3 — thermal insulation layer -

— mineral wool;

I :: || S 4 — reinforcing fiberglass;

[— 5 — multilayer plaster;

L 6 — reinforced concrete floor slab;

1, H : 7 — vapor barrier;
Syl 5 510

8 — thermal insulation layer -
mineral wool, 250 mm;

9 — two layers of roofing material;
10 — thermal insulation layer -
mineral wool, 100 mm;

11 — sheet steel;

12 — antiseptic board.
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Table 2 — Combined roof without eaves

Linear heat transfer coefficients,
W/(m'K), depending on the
parameters of the thermal insulation

3
2

1

layer
Scheme of heat-conducting inclusion Estimated Thickness of external

thermal wall thermal

conductivity, insulation, 6in

W/(m-K) 120 150 120

mm | mm | mm

0,040 0,162 | 0,152 | 0,144
0,045 0,168 | 0,157 | 0,149
0,050 0,175 | 0,162 | 0,153

%/// ‘// 1000
. —
; n u g
R [ |
I : \
f‘ I
WKow | 0 5w |

1 — brick wall;

2 - adhesive layer for bonding the
insulation boards to the base, as well
as for leveling the surface of the base;
3 — thermal insulation layer - mineral
wool;

4 — reinforcing fiberglass;

5 — multilayer plaster;

6 — reinforced concrete floor slab;

7 — a layer of lightweight concrete;

8 — vapor barrier;

9 — thermal insulation layer - mineral
wool, 250 mm;

10 — two layers of roofing material;

11 — cornice plate;

12 — bracket ;

13 — tray.

ISSN 2313-6669 «SCIENCE & CONSTRUCTION» «HAYKA TA BYAIBHULITBO» 2(24)2020

Figure 1 -
temperature

field of

Picture of the

the

reinforced concrete slab eave



Table 3 — Combined roof with eaves slab

Linear heat transfer coefficients,
W/(m-K), depending on the
parameters of the thermal insulation

layer
Scheme of heat-conducting inclusion Estimated Thickness of external
thermal wall thermal
conductivity, msulation, &in
W/(m-K) 120 150 120
mm | mm | mm
0,040 0,162 | 0,152 | 0,144
0,045 0,168 | 0,157 | 0,149
0,050 0,175 | 0,162 | 0,153

1 — brick wall;
2 — adhesive layer for bonding the
insulation boards to the base, as well

AAAAAA

as for leveling the surface of the base;

21| 3 — thermal insulation layer - mineral

wool;
4 — reinforcing fiberglass;

I yoa ////// /// //////
v
5 %// 1000
2 | I
/ I
7 I : |
3 S
n I : | S
5

5 — multlayer plaster;

6 — reinforced concrete floor slab;

7 — a layer of lightweight concrete;

8 — vapor barrier;

9 — thermal insulation layer - mineral
wool, 250 mm;

10 — two layers of roofing material;

11 - cornice plate;

12 — bracket ;

13 — tray.

roof slab and the outer wall. The heat transfer linear
coefficients of such a solution are shown in Table 2.
Design solutions for the arrangement of the external
drainage system and roof edge railing should have
minimal impact on the integrity of the thermal
insulation and waterproofing layer of the roof.

Temperature field calculation of building eaves
with a reinforced concrete slab insulated on one side
only (Figure 1) shows to what extent a technological
gap in thermal insulation envelope reduces its
efficiency.

CONCLUSIONS AND PROSPECTS FOR
FURTHER RESEARCH

The use of a correction factor to the heat transfer
coefficient for considering the effect of heat-
conducting inclusions according to the formula
(21) of the State construction standards of Ukraine
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DSTU b A.2.2-12:2015 leads to a decrease of thermal
resistance actual value of the multilayered combined
roof construction by two times. Obtaining a certain
class of energy efficiency of the building, as a whole,
does not lead to economically impractical waste of
thermal insulation material in the roof, the energy
efficiency of which is significantly reduced. Refining
calculation methods of heat losses through combined
roofing and putting into practice the insulation
of typical energy-efficient structural units of the
combined roof eaves, adjoining the ventilation shafts
and roof superstructures will significantly increase
the thermal protection of the house. The structural
solutions proposed in this paper were used to
carry out thermal modernization projects of the
academic buildings of the National University "Yuri
Kondratyuk Poltava Polytechnic" and to increase
combined roof insulation efficiency.
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